Japanese Laid-Open Publication 
No. 172787/2002 (Tokutcai 2002-172787) 

A. Relevance of the Above-identified Document 

The following is a English translation of 

exemplary portions of non-English language information 
that may be relevant to the issue of patentability of the 
claims of the present application. 

B. Translation of the Relevant Passages of the Document 

See the ' English Abstract. 

[CLAIMS] 
[Claim 1] 

A printing method of ejecting a liquid developer 
from a tip aperture of a nozzle, the liquid developer in 
which electrically-charged coloring agent particles ar? 
contained in an insulative oil-based liquid; and making 
the liquid developer adhere to a printing medium or an 
intermediate printing medium, the method comprising the 
steps of: 

(i) using the nozzle including a bias electrode and 
an image electrode on a wall surface of. the nozzle; 

(ii) providing a counter electrode in front of the tip 
aperture of the nozzle; 
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(iii) applying a voltage to the bias electrode provided 
on the wall surface of the nozzle, and applying a voltage, 
whose phase is opposite to that of the voltage applied to 
the bias electrode, to the counter electrode provided in 
front of the tip aperture of the nozzle; 

(iv) providing the printing medium or the 
intermediate printing medium between a tip of the nozzle 
and the counter electrode; and 

(v) applying a voltage, corresponding to an image 
signal and having the same phase as that of the voltage 
applied to the bias electrode, to the image electrode 
provided on the wall surface of the nozzle, and ejecting 
the liquid developer from the tip aperture of the nozzle. 

[Claim 2] 

The method as set forth in claim 1, wherein a 
hydrophobic polymer coating film is formed on an inner 
wall surface of the nozzle. 

[Claim 3] 

The method as set forth in claim 2, wherein the 
polymer coating film is a fluorinated polymer coating film. 



[Claim 4] 

The method as set forth in any one of claims 1 to 3, 
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wherein a shape of the tip aperture of the nozzle is arc or 
circular. 

[Claim 5] 

The method as set forth in any one of claims 1 to 3, 
wherein a shape of the tip aperture of the nozzle is 
polygonal. 

[Claim 6] 

A printing head mechanism which makes a liquid 
developer adhere to a printing medium or a intermediate 
printing medium, the liquid developer in which 
electrically-charged coloring agent particles are contained 
in an insulative oil-based liquid, the printing head 
mechanism comprising: 

(i) a nozzle including a bias electrode and an image 
electrode on a wall surface of the nozzle, the nozzle 
ejecting the liquid developer from a tip aperture; and 

(ii) a counter electrode provided in front of the tip 
aperture of the nozzle. 

[Claim 7] 

A printing apparatus comprising a printing head 
mechanism which makes a liquid developer adhere to a 
printing medium or an intermediate printing medium, the 
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liquid developer in which electrically-charged coloring 
agent particles are contained in an insulative oil-based 
liquid, wherein 

used as the printing head mechanism is the 
printing head mechanism as set forth in claim 6. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to (i) a printing 
method using a liquid developer, the method including the 
step of applying an electric field to the liquid developer, 
(ii) a printing head mechanism, and (iii) a printing 
apparatus. 
[0002] 

[Conventional Art] 

There is a known printing method in which (i) used 
is a developer in which electrically-charged coloring agent 
particles (toner) are dispersed in an insulative oil-based 
liquid, such as silicon oil, (ii) the developer is moved by 
applying an electric field to the developer, (iii) the 
developer is ejected from an aperture formed on a 
substrate, and (iv) an image is printed to a printing 
medium, such as a paper or the like, by the developer 
(Japanese Laid-Open Patent Publication No. 37898/2000 
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(Tokukai 2000-37898)). According to the method, because 
the method includes the step of making the developer pass 
through the aperture . formed at the center of a 
ring-shaped image electrode, the method causes problems 
as follows: it is difficult to improve resolution; a device 
cost is increased; and it is difficult to increase a moving 
speed of the developer when making the developer move 
by applying the electric field. Therefore, the method is 
still not good enough. 
[0003] 

[Problems to be solved by the invention] 

An object of the present invention is to provide (i) a 
printing method using a liquid developer in which 
electrically-charged coloring agent particles are dispersed 
in an insulative oil-based liquid, the printing method 
including the steps of: making the liquid developer move 
by applying an electric field; ejecting the liquid developer 
from an aperture; and forming a color image to a printing 
medium or an intermediate printing medium, (ii) a 
printing head mechanism used in the printing method, 
and (iii) a printing apparatus including the printing head 
mechanism. By using the method, (i) it becomes easy to 
increase a moving speed of the liquid developer when 
making the liquid developer move by applying the electric 
field, (ii) it becomes easy to; improve resolution of the 
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image formed on the printing medium or the intermediate 
printing medium, and (iii) the device cost is reduced. 
[0004] 

[Means for solving the problems] 

The present inventors have diligently conducted 
researches to solve the above problems. As a result, the 
present invention has completed. That is, the present 
invention provides a printing method using a liquid 
developer, a printing head mechanism, and a printing 
apparatus, as explained below. 

(1) A printing method ejecting a liquid developer 
from a tip aperture of a nozzle, the liquid developer in 
which electrically-charged coloring agent particles are 
contained in an insulative oil-based liquid; and making 
the liquid developer adhere to a printing medium or an 
intermediate printing medium, the method comprising the 
steps of: (i) using the nozzle including a bias electrode 
and an image electrode on a wall surface of the nozzle; (ii) 
providing a counter electrode in front of the tip aperture 
of the nozzle; (iii) applying a voltage to the bias electrode 
provided on the wall surface of the nozzle, and applying a 
voltage, whose phase is opposite to that of the voltage 
applied to the bias electrode, to the counter electrode 
provided in front of the tip aperture of the nozzle; (iv) 
providing the printing medium or the intermediate 
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printing medium between a tip of the nozzle and the 
counter electrode; and (v) applying a voltage, 
corresponding to an image signal and having the same 
phase as that of the voltage applied to the bias electrode, 
to the image electrode provided on the wall surface of the 
nozzle, and ejecting the liquid developer from the tip 
aperture of the nozzle. 

(2) The method as set forth in (1), wherein a 
hydrophobic polymer coating film is formed on an inner 
wall surface of the nozzle. 

(3) The method as set forth in (2), wherein the 
polymer coating film is a fluorinated polymer coating film. 

(4) The method as set forth in any one of (1) to (3), 
wherein a shape of the tip aperture of the nozzle is arc or 
circular. 

(5) The method as set forth in any one of (1) to (3), 
wherein a shape of the tip aperture of the nozzle is 
polygonal. 

(6) A printing head mechanism which makes a 
liquid developer adhere to a printing medium or a 
intermediate printing medium, the liquid developer in 
which electrically-charged coloring agent particles are 
contained in an insulative oil-based liquid, the printing 
head mechanism including: (i) a nozzle including a bias 
electrode and an image electrode on a wall surface of the 
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nozzle, the nozzle ejecting the liquid developer from a tip 
aperture; and (ii) a counter electrode provided in front of 
the tip aperture of the nozzle. 

(7) A printing apparatus including a printing head 
mechanism which makes a liquid developer adhere to a 
printing medium or an intermediate printing medium, the 
liquid developer in which electrically-charged coloring 
agent particles are contained in an insulative oil-based 
liquid, wherein used as the printing head mechanism is 
the printing head mechanism as set forth in claim 6. 
[0005] 

[Embodiment] 

A printing head mechanism of the present invention 
includes (i) a nozzle including a bias electrode and an 
image electrode on a wall surface of the nozzle, and (ii) a 
counter electrode provided in front of a tip aperture of the 
nozzle. A cross sectional shape of a pathway of the liquid 
developer is optionally determined, and can be circular, 
arc, polygonal (quadrangular, hexagonal), or the like. A 
cross sectional area of the pathway is from 25 Jim 2 to 
40,000 pm2, preferably from 100 urn 2 to 10,000 |um 2 . 
Moreover, a shape of the tip aperture of the nozzle can be 
circular, arc, polygonal, or the like. With regard to a size 
of the tip aperture, its cross sectional area is 40,000 |um 2 
or less, preferably 10,000 jum 2 or less, and the lower limit 
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of the cross sectional area is usually about 100 jam 2 . In 
the case in which the aperture is circular, its diameter is 
from 5 nm to 120 ^im, preferably from 10 iim to 100 Jim. 
The smaller the size of the aperture is, the better the 
resolution of the image becomes. 



The nozzle has the bias electrode and the image 
electrode on the wall surface of the nozzle. Positions of 
those electrodes are not especially limited as long as those 
electrodes are independent from each other. For example, 
the image electrode can be placed on an upper portion, 
side portion, or mentioned below of the pathway of the 
nozzle. Moreover, the numbers of the image electrode and 
the bias electrode can be plural. 



With regard to the nozzle, at least the inner wall 
surface where the. electrodes are provided is formed by an 
electric insulator material. Used as such material is 
plastic, glass, ceramics, or the . like. In the present 
invention it is preferable to use: hydrocarbon resin, such 
as polypropylene; fluorinated resin, such as 
polytetrafluoroethylene; hydrophobic plastic, such as 
silicone resin or polyester resin; or the like. In the case in 
which the nozzle is made of metal material such as 
stainless steel or iron, the inner wall surface of the nozzle 
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is coated with the above plastic, such as: the fluorinated 
resin; the silicone resin; the hydrocarbon resin, such as 
polypropylene; or the like. 



Fig. 1 is an explanatory diagram illustrating one 
aspect of the printing head mechanism of the present 
invention. In Fig. 1, reference numeral 10 indicates a 
nozzle, each of reference numerals 1 and 2 indicates a 
nozzle wall, and reference numeral 9 indicates a pathway 
(pathway in the nozzle) which is formed by the nozzle 
walls 1 and 2 and through which the liquid developer 
passes. Reference numeral 4 indicates a sealant for 
sealing an aperture at a back end of the nozzle. Reference 
numeral 3 indicates a supply pipe for the liquid developer, 
and the supply pipe is connected with a back end portion 
of the nozzle 10. Reference numeral 8 indicates a liquid 
developer pathway located in the supply pipe. Reference 
numeral 6 indicates a bias electrode, and reference 
numeral 7 indicates an image electrode. These electrodes 
6 and 7 are formed, at least, on a wall portion facing with 
the liquid developer pathway 9, and it is not necessary to 
provide the electrodes 6 and 7 on lower and upper 
surfaces of the sealant 4. Moreover, it is not necessary to 
provide the electrodes 6 and 7 at a tip portion of the 
pathway 9. A cross sectional shape of the pathway 9 of 
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the nozzle 10 can be circular, arc, polygonal, or the like. 
Fig. 2 is a cross sectional diagram of the nozzle having the 
pathway whose cross sectional shape is arc. Fig. 3 is a 
cross sectional diagram of the nozzle having the pathway 
whose cross sectional shape is circular. Fig. 4 is a cross 
sectional diagram of the nozzle having the pathway whose 
cross sectional shape is quadrangular. Reference 
numerals illustrated in these figures indicate the same 
meanings as those illustrated in Fig. 1. 
[0009] 

If necessary, surfaces of the bias electrode 6 and 
the image electrode 7 or an inner surface of the pathway 9 
can be coated with a plastic coating film, preferably a 
coating film made of: the fluorinated resin; the silicone 
resin; the hydrocarbon resin such as polypropylene; or the 
like. Such coating film enables the liquid developer to 
pass through the pathway 9 smoothly. 
[0010] 

In the pathway 9 in the nozzle of the present 
invention, surface energy of a surface being at least in 
contact with the liquid developer is 40 mV/m or less, 
preferably 35 mV/m or less, more preferably 30 mV/m or 
less. Maximum surface roughness (JIS B0601) of the 
surface being in contact with the liquid developer is 0.1 
jam or less, preferably 0.05 fim or less. 
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[0011] 



In Fig. 1, reference numeral 11 indicates a counter 
electrode. Reference numeral 12 indicates a guide roller, 
and reference numerals 13 and 14 are a pair of rollers 
(forwarding rollers). Reference numeral 15 indicates a 
belt-like intermediate printing medium, and reference 
numeral 16 indicates a printing medium. The counter 
electrode 1 1 is provided in front of the tip aperture of the 
nozzle 10. A distance between a surface of the counter 
electrode 11 and a tip of the nozzle 10 is usually from 0.1 
mm to 2.0 mm, preferably from 0.2 mm to 1.0 mm. Used 
as the counter electrode 1 1 is a metal plate, an insulating 
plate (plastic, ceramics, or the like) whose surface is 
coated with metal, or the like. Material of the belt-like 
intermediate printing medium 15 may be any- material as 
long as the liquid developer temporarily adheres to the 
material, and the material can be plastic, metal, or the 
like. The printing medium 16 is, for example, a piece of 
paper, a plastic film whose surface is so formed as to 
absorb ink, or the like. 



In order to perform printing (form an image) by 
using a printing head (print head) mechanism illustrated 
in Fig. 1, the liquid developer is supplied from the supply 
pipe 3, and the pathway 9 in the nozzle is filled with the 
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liquid developer via the pathway 8. Next, voltages are 
applied to the bias electrode 6 and the counter electrode 
11. In this case, for example, a voltage of plus phase is 
applied to the bias electrode 6, and a voltage of opposite 
phase to that of the voltage applied to the bias electrode 6, 
for example a voltage of minus phase, is applied to the 
counter electrode 11. Levels of the voltages applied to the 
bias electrode 6 and the counter electrode 11 are so 
arranged as not to cause the liquid developer to be ejected 
from the tip aperture of the nozzle 10. In order to form an 
image on the intermediate printing medium 15, a voltage 
is applied to the image electrode 7 according to the image 
signal. Here, a phase of the voltage in this case is the 
same as that of the voltage applied to the bias electrode 6, 
for example the voltage of plus phase. Moreover, a level of 
the voltage in this case allows a droplet L to be ejected 
from the tip aperture of the pathway 9 of the nozzle. An 
ink state of the liquid developer ejected from the tip 
aperture of the nozzle changes depending on the level of 
the voltage applied to the image electrode 7. By 
controlling the voltage, the liquid developer can be ejected 
or sprayed from the aperture of the nozzle. 



The image formed on the surface of the belt-like 
intermediate printing medium 15 is transferred to a 
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surface of the printing medium 16, such as paper, by- 
using the rollers 13 and 14. In this way, a medium 17 
having a print image can be obtained. Note that, when 
using the printing medium 16, such as paper, instead of 
the intermediate printing medium 15, the print image can 
be directly printed onto the printing medium. 



The following explains a principle of an operation in 
which the liquid developer is ejected from the tip aperture 
of the nozzle by applying the voltages to the bias electrode 
6, the counter electrode 11, and the image electrode 7, as 
described above. When the voltages are applied to the bias 
electrode 6 and the counter electrode 1 1 in a state in 
which the liquid developer fills the pathway 9 of the 
nozzle, the electrically-charged coloring agent particles 
(toner) of the liquid developer receive an electrostatic 
force towards the counter electrode 11 by an effect of the 
electric field generated by the voltage application. 
However, the electrostatic force in this case is so 
controlled that the liquid developer is not ejected from the 
tip aperture of the nozzle. The voltage applied to the bias 
electrode 6 is, for example, from +20 volts to +1,500 volts, 
preferably from +30 volts to +1,000 volts. Moreover, the 
voltage applied to the counter electrode 1 1 is a voltage 
having a phase different from that of the voltage applied 
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to the bias electrode 6, and the voltage is, for example, 
from -20 volts to -1,000 volts, preferably from -30 volts to 
-1,000 volts. The levels of the voltages applied to the bias 
electrode 6 and the counter electrode 1 1 are such that the 
liquid developer in the pathway 9 of the nozzle is not 
ejected from the tip aperture of the nozzle. Concrete levels 
of the voltages vary depending on viscosity of the liquid 
developer, a state of the inner wall surface of the pathway 
9, etc., so that appropriate levels of the voltages may be 
accordingly determined according to a preliminary 
experiment. When, in a state in which the voltages are 
applied to the bias electrode 6 and the counter electrode 7, 
a voltage of the same phase as that of the voltage applied 
to the bias electrode 6 is applied to the image electrode 7, 
the density of the electric field applied to the liquid 
developer is increased, and a far stronger electrostatic 
force is applied to the liquid developer. As a result, the 
liquid developer is ejected from the tip aperture of the 
nozzle. The voltage applied to the image electrode 7 is, for 
example, from 10 volts to 500 volts, preferably from 20 
volts to 300 volts. 
[0015] 

The above explanation dealt with the principle of an 
image formation of the present invention using one nozzle 
forming one pixel. However, the actual printing head has a 
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group of many nozzles. Each of Figs. 5 and 6 illustrates a 
concrete example of the group of nozzles. In Fig. 5, 



of the nozzle, and reference numeral 22 indicates a fixing 
agent (resin, etc.) for fixing the group of many nozzles. In 
Fig. 5, reference numeral 21 is the tip aperture 
(quadrangular) of the nozzle, and reference numerals 23 
and 24 are dividing walls. It is preferable that the counter 
electrode 11 be used as one common electrode for the 
group of nozzles. 



arranged in such a manner that the electrically-charged 
coloring agent particles is dispersed in the insulative 
oil-based liquid. The amount of electric charge of the 
liquid developer is from 5 *ic/g to 200 jac/g, preferably 
from 10 jic/g to 150 nc/g according to the measurement 
carried out by an electrideposition method. 



Electric conductivity of the liquid developer of the 
present invention is 2 Siemens or less, preferably 1 
Siemens or less, more preferably 0.5 Siemens or less. The 
lower limit is normally 0.0001 Siemens. When the electric 
conductivity of the liquid developer exceeds 2 Siemens, 
leak easily occurs when a voltage is applied, and this 



reference numeral 21 indicates the tip aperture (circular) 
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The liquid developer of the present invention is 
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causes problems, such as damaging of electrodes. 



[0018] 



In the present invention, a carrier liquid used for 
dispersing the coloring agent particles is the insulative 
oil-based liquid. Volume resistance of the insulative 
oil-based liquid is 10 9 Q/cm 3 or more, preferably 10 10 
O/cm 3 or more, more preferably 10 11 Q/cm 3 or more. 
Solubility with respect to the liquid (100 g, 25 °C) is 0.1 g 
or less, preferably 0.05 g or less, more preferably 0.01 g 
or less. Such insulative oil-based liquid includes: silicone 
oil (dimethyl silicone oil, methylphenyl silicone oil, methyl 
hydrogen silicone oil, etc); modified silicone oil 
(polyoxyalkylene and copolymer, amino modified silicone 
oil, etc.); hydrocarbon oil (paraffin oil, aromatic 
hydrocarbon oil, etc.); aromatic etheral oil (diphenylether, 
etc.); halogenated hydrocarbon oil; liquid chemical 
compound (alcohol, ester, etc.) having a long-chain alkyl 
group; and the like. 



The coloring agent includes various pigments. Used 
as such pigments are conventionally known various 
pigments which are not dissolved but dispersed in the 
oil-based liquid. Generally, the pigment can be toner of 
developer used for electronic photographs. Concrete 
examples of the pigments are: insoluble azo pigment; 
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chelate azo pigment; phthalocyanine pigment; perylene 
pigment; anthraquinone pigment; quinacridone pigment; 
and the like. A volume average particle diameter of the 
pigment is from 0.02 jum to 2.0 Jim, preferably from 0.03 
ium to 1.0 |im. Concentration of the coloring agent in the 
liquid developer is from 1 part by weight to 50 parts by 
weight, preferably from 2 parts by weight to 20 parts by 
weight, per 100 parts by weight of the carrier liquid. The 
coloring agent particles can be electrically charged by 
using conventionally known methods, such as an 
absorption electrification method. 
[0020] 

The liquid developer can contain surfactant, 
preferably non-ionic surfactant. Used as such non-ionic 
surfactant can be various multipurpose non-ionic 
surfactant, such as polyoxyethylene alkyl ether, sucrose 
fatty acid ester, sorbitan fatty acid ether, glycerin fatty 
acid ether, polyglycerol fatty acid ether, polyoxyethylene 
sorbitan fatty acid ether, polyoxyethylene sorbit fatty acid 
ether, polyoxyethylene glycerin fatty acid ether, 
polyoxyethylene glycol fatty acid ether, polyoxyethylene 
alkyl ether phosphoric acid and its salts, polyoxyethylene 
alkyl ether sulfate salt, polyoxyethylene phytosterol and 
phytostanol, polyoxyethylene alkyl phenyl ether 
phosphoric acid and its salts, polyoxyethylene lanoline 
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and lanoline alcohol, polyoxyethylene alkylamine and fatty 
acid amide, polyoxyethylene polyoxypropylene alkyl ether, 
polyoxyethylene alkyl phenyl ether and fatty acid ethanol 
amide, etc. 
[0021] 

Viscosity of the liquid developer (25 °C) used in the 
present invention is 1,000 centipoises or less, preferably 
500 centipoises or less. The liquid developer of high 
viscosity is slow in moving speed, so that it is not 
preferable for high-speed printing. 
[0022] 

The printing apparatus (image forming apparatus) of 
the present invention has the printing head mechanism, 
and its example is illustrated in Fig. 7. Fig. 7 is a diagram 
illustrating a basic arrangement of the printing apparatus 
of the present invention. In Fig. 7, reference mark Y 
indicates an yellow image printing head, reference mark M 
indicates a magenta image printing head, reference mark 
C indicates a cyanine image printing head, and reference 
mark Bk indicates a black image printing head. Reference 
numerals 31, 33, 35, and 37 are groups of nozzles, and 
the groups are connected to the printing heads Y, M, C, 
and Bk, respectively. Reference numerals 32, 34, 36, and 
38 are counter electrodes provided so as to face with tips 
of the groups of nozzles, respectively: In the apparatus 
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illustrated in Fig. 6, image signals outputted from a 
controller is supplied to Y, M, C, and Bk, and four-color 
printing is carried out to a transfer body (intermediate 
printing medium). As a result, a full-color image is formed 
on the transfer body. The image is transferred to a 
printing medium (paper) 41 on a transfer roller 42, and a 
printing medium 43 having the image is obtained. 
[0023] 
[Example] 

The following Examples further explain the present 
invention. 

[0024] Reference 1 

A pigment (quinacridone type pigment, volume 
average particle diameter: 0.2 jim) was dispersed in 
dimethyl silicone oil (volume resistance: 10 13 Q/cm 3 , 
viscosity (25 °C): 1,000 mPa-s) at a concentration of 15 % 
by weight. Next, in order to electrically charge the 
dispersion liquid, a treatment of metal soap absorption 
was carried out. The amount of electric charge of the 
liquid developer I thus obtained was 100 jnc/g. 
[0025] Example 1 

Printing is carried out by the printing head 
mechanism, illustrated in Fig. 1, using the liquid 
developer I described in Reference 1. The printing is 
carried out under conditions as follows: 
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(1) Bias electrode 6 
Voltage applied: +500 V 

(2) Counter electrode 1 1 
Voltage applied: -500 V 

(3) Nozzle 10 

(i) Area of the tip aperture (square): 10,000 nm 2 

(ii) Maximum surface roughness of the inner wall 
surface of the pathway 9: 0.08 jim 

(iii) Surface energy of the inner wall surface of the 
pathway 9: 23 mV/m 

(4) Distance between the surface of the counter 
electrode 11 and the tip aperture of the nozzle 10: 0,3 mm 
Under the above conditions, a piece of paper was placed 
between the counter electrode 1 1 and the tip aperture of 
the nozzle, and a voltage of +200 V was applied to the 
image electrode 7. With this, confirmed is that the liquid 
developer was ejected from the tip aperture of the nozzle 
10 and an image was formed on the surface of the paper. 
Moreover, in this case, time from the application of the 
voltage to the image electrode 7 to the ejection of the 
liquid developer from the tip aperture of the nozzle was 
0. 1 msec. 

[0026] Example 2 

A similar experiment as that of Example 1 was 
carried out by using the printing head mechanism in 
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which the inner surface of the pathway 9 of the nozzle 
including the bias electrode 6 and the image electrode 7 
was coated with polypropylene with a surface energy of 30 
mN/m. In this case, the maximum surface roughness of 
the inner wall surface of the pathway 9 of the nozzle was 
0.09 Jim. Moreover, the time from the application of the 
voltage to the image electrode 7 to the ejection of the 
liquid developer from the tip aperture of the nozzle was 
0.05 msec. 

[0027] Example 3 

A similar experiment as that of Example 1 was 
carried out by using the printing head mechanism in 
which the inner surface of the pathway 9 of the nozzle 
including the bias electrode 6 and the image electrode 7 
was coated (thickness: 0.3 (im) with fluorinated polymer 
("Lumiflon* produced by ASAHI KASEI) of surface energy 
12 mN/m. In this case, the maximum surface roughness 
of the inner wall surface of the pathway 9 of the nozzle 
was 0.07 \xm. Moreover, the time from the application of 
the voltage to the image electrode 7 to the ejection of the 
liquid developer from the tip aperture of the nozzle was 
0.02 msec. 

[0028] Example 4 

A similar experiment as that of Example 1 was 
carried out by using the printing head mechanism in 
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which the shape of the tip aperture of the nozzle was 
semicircular (the area was 10,000^m 2 ). In this case, the 
time from the application of the voltage to the image 
electrode 7 to the ejection of the liquid developer from the 
tip aperture of the nozzle was 0.08 msec. 
[0029] 

[Effects of the invention] 

According to the present invention, high-speed 
printing can be carried out to the printing medium by 
using a convenient and inexpensive apparatus. 

[Brief description of the drawings] 



Fig. 1 is an explanatory diagram of one aspect of 
the printing head mechanism of the present invention. 



Fig. 2 illustrates a cross sectional view of the nozzle 
used in the present invention, and the shape of the cross 
section of the nozzle is arc. 



Fig. 3 illustrates a cross sectional view of the nozzle 
used in the present invention, and the shape of the cross 
section of the nozzle is circular. 



Fig. 4 illustrates a cross sectional view of the nozzle 



[Fig. 1] 



[Fig. 2] 



[Fig. 3] 



[Fig. 4] 
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used in the present invention, and the shape of the cross 
section of the nozzle is quadrangular. 
[Fig. 5] 

Fig. 5 is an explanatory diagram of a surface of the 
tip apertures (circular) of the group of nozzles. 
[Fig. 6] 

Fig. 6 is an explanatory diagram of a surface of the 
tip apertures (quadrangular) of the group of nozzles. 
[Fig. 7] 

Fig. 7 is a diagram illustrating a basic arrangement 
of the printing apparatus of the present invention. 

[Explanation of reference numerals] 
1, 2 nozzle wall 

3 supply pipe for the liquid developer 

6 bias electrode 

7 image electrode 

9 pathway for the liquid developer 

10 nozzle 

11 counter electrode 

15 intermediate printing medium 

16 printing medium 

21 tip aperture of the nozzle 

22 fixing agent 

23, 24 dividing wall 
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31, 33, 35, 37 group of nozzles 

32, 34, 36, 38 counter electrode 
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